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OVERHEAD TRAVELING VEHICLE TESTING AND CALIBRATION 



BACKGROUND OF THE INVENTION 

Technical Field 

[001] The present invention relates generally to automated overhead traveling vehicles, and 
more particularly to a method, system and test fixture for allowing testing and calibration of an 
overhead traveling vehicle. 

Related Art 

[002] Semiconductor fabrication facilities use automation for delivery of wafers between 
processing stations that include bays therebetween. In one approach, wafer holding pods are 
delivered via a system of overhead traveling vehicles in which each vehicle is mounted to, and 
movable on, a rail that is positioned over the necessary load ports. Referring to FIG. 1, an 
illustrative overhead traveling vehicle system 10 for use in a semiconductor fabrication facility is 
shown. System 10 includes at least one and, in most cases, a plurality of overhead traveling 
vehicles 14. Each vehicle 14 includes a main body 16 movably engaged with an elevated rail 18, 
and including a servomotor(s) 20 for driving a wheel(s) (not shown) for moving main body 16 
along elevated rail 18. Main body 16 provides a base point 22 from which hoisting of an object 
may occur. Elevated rail 1 8 may be supported in a variety of ways such as being hung from a 
ceiling of the facility or supported on poles. System 10 may also include a controller 24 for 
controlling a plurality of overhead traveling vehicles 14 in the semiconductor fabrication facility. 
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Tracking of overhead traveling vehicles 14 may be conducted via one or more optical sensors 
(not shown) that interact with a reflective tape (not shown) on rail 18. 
[003] As with any automated device, vehicles must be periodically taken out of service for 
repair and other maintenance, and temporarily swapped or replaced with a second vehicle. 
Typically each facility has an automation system that has been implemented over time such that 
vehicles do not always have mechanical and electrical uniformity. Accordingly, when a problem 
vehicle is replaced by a second vehicle, the calibration data for the problem vehicle oftentimes is 
incompatible with the second vehicle. Accordingly, the second vehicle malfunctions, or worse is 
inoperable. The reasons for this situation vary, e.g., different vehicle age, models, components, 
etc. One example malfunction is non-synchronization of drive servomotors for wheels of the 
second vehicle, which may result in dangerous operation of the vehicle. Conventionally, system 
operators would simply accept the malfunction or make estimated corrections to the second 
vehicle to minimize the malfunction. 

[004] In view of the foregoing, there is a need in the art for a method, system and test fixture for 
allowing testing and calibration of overhead traveling vehicles. 



SUMMARY OF THE INVENTION 

[005] The invention includes a method, system and test fixture for allowing testing and 
calibration of various operation parameters of an overhead traveling vehicle (hereinafter "OTV"). 
The invention implements a test fixture that includes a rotatable bearing set for rotatably 
engaging a wheel of the OTV such that the wheel can rotate but the OTV remains stationary. 
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The bearing set is held in a raised position, similar to the operational position of the OTV, by a 
raised support. The test fixture may also include a reflective tape for use with an optical 
sensor(s) of the OTV. In this fashion, operation parameters of the OTV, such as drive 
servomotor velocity, current gain, current offset, OTV travel profile, optical sensor op-amp gain, 
etc., can be tested and calibrated. 

[006] A first aspect of the invention is directed to a system for testing an overhead traveling 
vehicle, the system comprising: a test fixture for supporting the overhead traveling vehicle during 
analysis in a stationary state, the test fixture including a rotatable bearing set for rotatably 
engaging a wheel of the overhead traveling vehicle during testing; and a data collector for 
collecting data regarding an operation parameter of the overhead traveling vehicle. 
[007] A second aspect of the invention is directed to a test fixture for supporting an overhead 
traveling vehicle for testing, the test fixture comprising: a rotatable bearing set for rotatably 
engaging a wheel of the overhead traveling vehicle such that the wheel can rotate but the 
overhead traveling vehicle remains stationary; and a raised support for supporting the rotatable 
bearing set. 

[008] A third aspect of the invention is directed to a method of calibrating an overhead traveling 
vehicle, the method comprising: supporting the overhead traveling vehicle on a test fixture, in a 
stationary state, by rotatably supporting each wheel of the overhead traveling vehicle with a 
rotatable bearing set including a pair of rotatable bearings; operating a portion of the overhead 
traveling vehicle; and adjusting a control of the overhead traveling vehicle to calibrate the 
overhead traveling vehicle. 
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[009] The foregoing and other features of the invention will be apparent from the following 
more particular description of embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[010] The embodiments of this invention will be described in detail, with reference to the 

following figures, wherein like designations denote like elements, and wherein: 

[Oil] FIG. 1 shows a perspective view of a prior art overhead traveling vehicle system. 

[012] FIGS. 2A-2B show perspective views of a test fixture and testing system according to the 

invention. 

[013] FIG. 3 shows an underside view of the test fixture of FIGS. 2A-2B. 

[014] FIG. 4 shows a close up view of a bearing set of the test fixture of FIGS. 2A-2B. 

[015] FIG. 5 shows a view through a data collector opening in the test fixture of FIGS. 2A-2B. 

[016] FIG. 6 shows a partial cross-sectional view of wheels of an overhead traveling vehicle 

positioned on the test fixture of FIGS. 2A-2B. 

DETAILED DESCRIPTION OF THE INVENTION 

[017] With reference to the accompanying drawings, FIGS. 2A-2B show a testing system 90 for 
testing and calibrating an overhead traveling vehicle (OTV) 92 (FIG. 2 A only). As noted above, 
each OTV 92 may include a main body 94 including a servomotor(s) 96 for driving a wheel(s) 98 
(FIG. 5) that moves main body 94 along an elevated rail (not shown). Main body 94 provides a 
base point from which hoisting of an object may occur. Each OTV 92 may also include one or 
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more optical sensors 100 (FIG. 6) that interact with a reflective section (not shown) on a rail for 
feedback to a controller for controlling operation of OTV 92. 

[018] Testing system 90 includes a test fixture 104 and a data collector 106. As shown in FIG. 
2A, test fixture 104 supports OTV 92 in substantially the same way in which it operates, i.e., 
hanging from a raised support. However, test fixture 104 supports OTV 92 during analysis in a 
stationary state. In order to provide this function, as shown in FIGS. 2B and 3-5, test fixture 104 
includes a rotatable bearing set 1 10 for rotatably engaging a wheel 98 (FIG. 5) of OTV 92 during 
testing. Each bearing set 1 10 may include a pair of rotatable bearings 1 14A, 1 14B (FIG. 3) for 
rotatably engaging an OTV wheel 98 (FIG. 5). Although test fixture 104 is shown including two 
rotatable bearing sets 1 10, it should be recognized that a rotatable bearing set 1 10 may be 
provided for each wheel 98 (FIG. 5) of an OTV 92, i.e., one or greater than two bearing sets may 
be provided depending on OTV 92. 

[019] In one embodiment, test fixture 104 includes a raised bearing support 1 1 8 for supporting 
OTV 92 in a position substantially similar to that in which OTV 92 operates, i.e., hanging from a 
raised support. Bearing support 118 may include a mounting structure for each individual 
bearing set 110. In one preferred embodiment, however, bearing support 118 includes a rail 120 
that has a shape substantially similar to a rail upon which OTV 92 normally operates. Use of a 
rail 120 makes manufacturing test fixture 104 less expensive since it can be fabricated from a 
structure that is already available for use with OTV 92. In addition, placement of OTV 92 on test 
fixture 104 is aided by rail 120 since the rail readily accommodates OTV 92 even when the OTV 
is not positioned on bearing set(s) 110. Power for OTV 92 is provided by an external power 
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source 121, e.g., an AC power supply, rather than an induction system as would occur during 
actual operation of OTV 92. 

[020] In the example shown, rail 120 is C- shaped and is positioned to include a first, lower 
extremity 122, a second, upper extremity 124 and a connecting back 126. Each bearing set 1 10, 
in this case, is positioned in an opening 128 (FIG. 3) of second, lower extremity 124, upon which 
OTV wheels 98 would normally ride. As shown best in FIG. 4, each bearing set 1 10 may be 
secured as necessary, e.g., by mounting plates 130. It should be recognized that rail 120 may 
take a variety of forms depending on the particular OTV 92 to be tested. Accordingly, the 
invention should not be limited to any particular rail shape. 

[021] Data collector 106 may include any now known or later developed device for collecting 
data regarding an operating parameter of OTV 92. An "operating parameter" may be any 
characteristic of OTV 92 that affects how the OTV operates. For example, operation parameters 
may include drive servomotor velocity, current gain, current offset, an OTV travel profile (e.g., 
acceleration ramp, deceleration ramp, operating speed(s), etc.), optical sensor op-amp gain, etc. 
In one preferred embodiment, data collector 106 includes one of a handheld tachometer 107A 
and a handheld optical sensor 107B. In this case, data collector 106 is positionable in a data 
collector opening 140 in second, upper extremity 124 (FIGS. 2A, 2B, 3 and 5) over a bearing set 
110 through which an OTV wheel 98 can be observed. Data collector 106 also may include a 
data analyzer 108 for analyzing an operation parameter of OTV 92. Data analyzer 108 may 
include any now known or later developed mechanism for analyzing data such as a computer 
system, electronic display, oscilloscope, etc. 
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[022] Returning to FIGS. 2A-2B, test fixture 104 may also include a reflective section 146, e.g., 
a reflective tape, for interaction with an optical sensor(s) 100 (FIG. 5). In this fashion, test 
fixture 104 may also be used to test and calibrate optical sensor(s) 100, i.e., adjust an op-amp 
gain of an optical sensor. In this case, data collector 106 may be an electrical meter for collecting 
a reading (operation parameter) of an optical sensor 100. Reflective section 146 may be 
provided, for example, as a reflective tape that includes a number of lanes, each lane for 
interaction with a different optical sensor 100 of OTV 92. 

[023] Referring to FIG. 6, a flow diagram of a method of calibrating an OTV 92 is shown. In a 
first step SI, an OTV 92 is supported on test fixture 104, in a stationary state, by rotatably 
supporting each wheel 98 (FIG. 5) of OTV 92 with a rotatable bearing set 1 10 including a pair of 
rotatable bearings 1 14 A, 1 14B. In a second step S2, a portion of OTV 92 is operated. The 
"portion" may include any or all parts of OTV 92 such as servomotor(s) 96, optical sensors 100 
or any other part. In a third step S3, a control(s) of OTV 92 is adjusted to calibrate OTV 92. The 
"control" may include, for example, one or more potentiometers 97 (FIG. 5) on a servomotor 96, 
an op-amp gain control 99 (FIG. 5) of an optical sensor 100, or a mount (not shown) that can 
change a physical position of an optical sensor 100. It should be recognized that the position of 
potentiometer(s) 97 and op-amp gain control 99 are for illustration purposes only, they may be 
positioned elsewhere on OTV 92. Adjustment may be manual or automatic depending on the 
particular control features provided. Where an OTV 92 being tested is one that is to take the 
place of a problem OTV, the adjusting step includes calibrating OTV 92 to have an operation 
parameter that substantially matches that of the problem or replaced OTV. For example, an OTV 
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92 may have its controls set to match the speed(s) of a replaced OTV such that it operates 
substantially similar to the replaced OTV when that OTV is operating correctly. Otherwise, an 
OTV 92 may be calibrated to a set of standards of, for example, a particular system, 
manufacturer, OTV model, etc. Internal calibration of OTV 92 may also occur such as 
synchronization of servomotors 96, i.e., master and slave, operate at the same velocity. 
[024] With specific regard to optical sensor 100 adjustment, it should be recognized that 
stationary operation of OTV 92 is not necessary. For example, OTV 92 may be moved on rail 
120 during testing of optical sensor(s) 100. Further, it should be recognized that adjustment may 
include adjustment of a physical position of an optical sensor 100 to ensure detection of a 
reflective section 146. 

[025] While this invention has been described in conjunction with the specific embodiments 
outlined above, it is evident that many alternatives, modifications and variations will be apparent 
to those skilled in the art. Accordingly, the embodiments of the invention as set forth above are 
intended to be illustrative, not limiting. Various changes may be made without departing from 
the spirit and scope of the invention as defined in the following claims. 
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